Abstract. The aim of this work is the representation and analysis of semiqualitative models. Their qualitative knowledge is represented by means of qualitative operators and envelope functions. A semiqualitative model is transformed into a family of quantitative models. In this paper the analysis of a model is proposed as a constraint satisfaction problem. Constraint satisfaction is an umbrella term for a variety of techniques of Artificial Intelligence and related disciplines. In this paper attention is focused on intervals consistency techniques. The semiqualitative analysis is automatically made by means of consistency techniques. The presented method is applied to a industrial biometallurgical system in order to show how increase the capacity of production.
Introduction
In engineering and science, the models made up for the study of dynamical systems are normally composed of quantitative and qualitative knowledge. This knowledge is composed by both of them. It is known as semiqualitative knowledge. Real models contain quantitative, qualitative and semiqualitative knowledge. All this knowledge must be considered when these models are studied.
The techniques developed to analyze and simulate quantitative models are well known. A great variety of techniques has been studied for the representation and the manipulation of qualitative knowledge, such as algebra of signs, interval arithmetic, fuzzy sets, and order of magnitude reasoning.
In order to analyze industrial models, it is necessary sometimes to solve conflicts on the request of accuracy and flexibility. The models of dynamical systems should provide different levels of numerical abstraction for their elements. These levels may be a purely qualitative description [8), semiqualitative [2), [6), numerical based on intervals [11), quantitative and mixed of all levels [7] .
On other hand, the systems dynamics obtains the differential equations of a system from its structure. This technique could obtain different qualitative behaviors of a given structure. The analysis of these behaviors constitutes the qualitative analysis of dynamical systems. The mathematical qualitative theory of dynamical systems involved studying qualitatively the behaviour (e.g. asymptotic behaviour) of time evolving systems.
In order to automate the qualitative analysis of dynamic systems several applications have been developed. They combine techniques of numerical methods with symbolic computation, and methods proceeding from the knowledge of the science and the mathematics. These applications begin with the top-level specifications of physical model. They prepare simulation experiments, and accomplish them. Also they interpret the numerical results, and they formulate the results in qualitative terms. Among them, we can cite PLR [9], bifurcation interpreter [1], KAM [12] , POINCARE [10], and MAPS [13] . In this paper, a method to carry out the analysis of dynamical systems automatically is shown. The semiqualitative analysis is proposed as a set of interval constraint satisfaction problems. They are solved applying consistency techniques [5] .
Semiqualitative models
A dynamical system can be considered as the constraints
being x the state variables of the system, p the parameters, x the variation of the state variables with the time, <Po the constraints among parameters and initial conditions, and <P the constraints on x, x and p. The dynamical system represented in (1) can symbolically be transformed into a set of contraints with variables, parameters and intervals. In this paper, we only study systems that can be transformed as
The vector field f may be composed of quantitative and qualitative variables, constants, arithmetic operators, functions and envelope functions, expressed as it is indicated in our previous paper [4] , where qualitative variables and envelope functions are transformed to interval expressions. If we take into account the stablished concepts in that paper, the dynamical system (2) is transformed in 
where p and r have been joined in an unique parameters vector p.
